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OD\HU ZHUHPHOWHG XVLQJ D ODERUDWRU\ VHWXSZLWK D 1G<$* ODVHU VSRW VL]H  P 6WURQJ HYDSRUDWLRQVZHUH
REVHUYHGGXULQJWKHSURFHVV$VVXPSWLRQVUHJDUGLQJWKHUHTXLUHGOLQHHQHUJ\GHQVLW\ZHUHPDGHEDVHGRQWKHWUDFNV

FRKHVLRQ /DUJH DUHDV RI VLQWHUHG SRZGHU ZHUH XQDYRLGDEOH ZLWK SURFHVV SDUDPHWHUV XQGHU ZKLFKPHOWLQJ WDNHV
SODFH7KHEDVLFPLFURVWUXFWXUHJUDLQVL]HDQGKDUGQHVVRIPHOWHGVLQJOHWUDFNVZHUHGHVFULEHG,Q=KDQJHW
DOSXEOLVKHGLQYHVWLJDWLRQVFRQGXFWHGZLWKDFRPPHUFLDO0&35HDOL]HU,,6/0VHWXS$PD[LPXPSDUWGHQVLW\
RISURYHGREWDLQDEOHXVLQJDPDJQHVLXPDOXPLQXPSRZGHUPL[WXUHFRQWDLQLQJ$ODPOD\HUWKLFNQHVV
DQGDQPKDWFKGLVWDQFHZKLOHYDU\LQJ ODVHUSRZHUPLEHWZHHQ:DQG:DQG ODVHU VFDQQLQJ VSHHG
EHWZHHQPPVDQGPPV,QWKHFRPSDQ\0DJQHVLXP(OHNWURQ3RZGHUVSXEOLVKHGLQYHVWLJDWLRQVLQWR
WKH ODVHUPHWDOGHSRVLWLRQRIPDJQHVLXPDQGFRPSDUHG WKH UHVXOWLQJSRURVLW\XVLQJDFRD[LDOSRZGHU IHHG WR WKDW
IURPDSUHSODFHGSRZGHUEHG 7DQGRQDQG0DGDQ7KH/DVHU=HQWUXP+DQQRYHU UHVHDUFK IDFLOLW\ WRRN DQ
DSSURDFK WR PLQLPL]LQJ HYDSRUDWLRQV XVLQJ DQ RYHUSUHVVXUH DWPRVSKHUH *LHVHNH HW DO  KRZHYHU WKH
HYDSRUDWLRQVFRXOGQRWEHPLQLPL]HGDQGWKHSURFHVVEHFDPHXQVWDEOH*LHVHNHHWDO7KHDELOLW\WRSURFHVV
SXUH0J0J&D DQG:(ZDVFRPSDUHG *LHVHNHHW DO :HLHW DO  LQYHVWLJDWHG WKHHIIHFWVRI
YDULDWLRQLQKDWFKGLVWDQFHDQGVFDQQLQJYHORFLW\DWDODVHUSRZHUPLRI:RQPLFURVWUXFWXUHDQGPHFKDQLFDO
SURSHUWLHV0DQXIDFWXULQJVDPSOHVRIPDJQHVLXPDOOR\$=ZLWKDGHQVLW\RISURYHGSRVVLEOH
1RPHQFODWXUH
$1 $VSHFWUDWLR
E 7UDFNZLGWK
(/ /LQHHQHUJ\GHQVLW\
(9 9ROXPHHQHUJ\GHQVLW\
K/ +DWFKGLVWDQFH
O] /D\HUWKLFNQHVV
3/ /DVHUSRZHU
5] 0HDQURXJKQHVVGHSWK
V :HOGSHQHWUDWLRQGHSWK
Y/ /DVHUVFDQQLQJVSHHG
ZW :HLJKWSHUFHQWDJH
ȡ 9ROXPHWULFPDVVGHQVLW\
([SHULPHQWDOSURFHGXUHV
7KHH[SHULPHQWVZHUHFRQGXFWHGXVLQJD&RQFHSW/DVHU0/DE5V\VWHPZLWKDEXLOWLQ,3*\WWHUELXPILEHUODVHU
</07KHPD[LPXPODVHUSRZHUPL LV:QRPLQDO: WKHVSRWVL]HRQWKHKHLJKWRI WKHEXLOGLQJ
SODWH LV DSSUR[LPDWHO\ P$Q DUJRQ SURFHVV DWPRVSKHUHZLWK D UHVLGXDO2 FRQWHQW RI DERXW ZDV XVHG
XQOHVVVWDWHGRWKHUZLVH7KHVWDUWLQJPDWHULDO IRU WKHH[SHULPHQWVZDVVSKHULFDOJDVDWRPL]HG$=0J$O=Q
SRZGHUZLWK WKHSDUWLFOHGLDPHWHU UDQJLQJEHWZHHQPDQGP7KHVDPSOHVZHUHEXLOWRQDPPWKLFN
$= 0J$O=Q PHWDO VKHHW 7R SUHYHQW PRYHPHQW DQG GHIRUPDWLRQ WKH PHWDO VKHHW ZDV IDVWHQHG ZLWK
FRXQWHUVXQNVFUHZVWRDWKLFNHUPHWDOSODWH7KHPDJQHVLXPSODWH
VDEVRUSWLRQRIWKHODVHUUDGLDWLRQZDVLQFUHDVHG
E\ URXJKHQLQJ %HUJVWU|P HW DO  ZLWK VDQGSDSHU SULRU WR WKH SURFHVV RzĬ P 7KH VDPSOHV ZHUH
VHSDUDWHG ZLWK D KDQGVDZ DQG HPEHGGHG ZDUP RU FROG GHSHQGLQJ RQ WKH W\SH RI VDPSOH $IWHU JULQGLQJ DQG
SROLVKLQJWKHVSHFLPHQVZHUHH[DPLQHGXVLQJFRQIRFDOODVHUPLFURVFRS\.H\HQFH9.DQGVFDQQLQJHOHFWURQ
PLFURVFRS\+LWDFKL70(OHPHQWFRQFHQWUDWLRQVZHUHPHDVXUHGE\HQHUJ\GLVSHUVLYHVSHFWURVFRS\%UXNHU
4XDQWD[  6HJPHQWDWLRQ RI WKH RSWLFDOPLFURVFRS\ LPDJHV EDVHG RQ WKH JUD\OHYHO WKUHVKROG 3XQ ZDV
SHUIRUPHG XVLQJ WKH VRIWZDUH ,PDJH- 6LQFH RWKHU FRQVWLWXHQWV EHVLGHV SRUHV VXFK DV R[LGH ILOPV 9DQGHU9RRUW
FDQDSSHDUDVGDUNUHJLRQVRQSROLVKHGFURVVVHFWLRQVWKHPHDVXUHGYDOXHLVGHVLJQDWHGDVDGHIHFWSHUFHQWDJH
UDWKHU WKDQ DV D SRURVLW\ 7KH ODVHU VFDQQLQJ PLFURVFRSH ZDV DOVR XVHG WR RSWLFDOO\ PHDVXUH WKH URXJKQHVV RI
VDPSOHV )RU GHWHUPLQLQJ KDUGQHVV D XQLYHUVDO WHVWLQJ PDFKLQH =ZLFN 5RHOO = ZLWK D FRQLFDO LQGHQWHU
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DFFRUGLQJWR9LFNHUVZDVXVHGZLWKDWHVWORDGRI1DQGDKROGLQJWLPHRIV7HQLQGHQWDWLRQVZHUHPDGHRQ
HDFKVDPSOH+DUGQHVVZDVFDOFXODWHGE\DYHUDJLQJWKHPHDVXUHGYDOXHV
7RVWXG\WKHLQIOXHQFHRIODVHUSRZGHUDQGODVHUVFDQQLQJVSHHGRQWUDFNIRUPDWLRQDQGWRFRQWUDVWWKHLQIOXHQFH
RI WKH SRZGHU RQ WKH SURFHVV VLQJOH WUDFNV ZLWKRXW SRZGHU ZHUH LQLWLDOO\ H[SRVHG RQ WKH PDJQHVLXP VKHHW
,QFUHDVLQJWKHFRPSOH[LW\VLQJOHWUDFNVZLWKSRZGHUZHUHH[SRVHGDQGDQDO\]HG7KHLQIOXHQFHRIKDWFKGLVWDQFHDW
GLIIHUHQW ODVHU VFDQQLQJ VSHHGV ZDV GHWHUPLQHG E\ JHQHUDWLQJ VWUXFWXUHV ZLWK LQFUHPHQWDO KDWFK GLVWDQFHV $IWHU
FKRRVLQJDSURFHVVSDUDPHWHUFRPELQDWLRQWKDWOHGWRGHQVHSDUWVWKHHIIHFWRIOD\HUWKLFNQHVVDQGR[\JHQFRQWHQW
ZDVPHDVXUHG
7ZRFRPPRQIRUPXODVDUHDSSOLHGZKHQFRPSDULQJGLIIHUHQWSDUDPHWHUVHWV/LQHHQHUJ\GHQVLW\ELLVXVHGWR
FRPSDUHWKHHQHUJ\LQSXWRIVLQJOHWUDFNVZKHUHPLLVWKHODVHU
VRXWSXWSRZHUDQGvLWKHVFDQQLQJVSHHGZLWKZKLFK
WKHODVHUVSRWLVPRYHG
ܧܮ ൌ 
ܲܮ
ݒܮ
 
9ROXPHHQHUJ\GHQVLW\EVLVXVHGWRFRPSDUHWKHHQHUJ\LQSXWIRUWKHUHPHOWLQJRIPRUHGLPHQVLRQDOSDUWVZLWK
hLEHLQJWKHKDWFKGLVWDQFHDQGlzWKHOD\HUKHLJKW
ܧܸ ൌ 
ܲܮ
ݒܮ݄ܮ݈ݖ
 
([DPLQDWLRQVRQVLQJOHWUDFNVDQGVLQJOHOD\HUV
3.1. Melting of single tracks on a sheet plate  
'XULQJODVHUEHDPPHOWLQJSDUWVDUHJHQHUDWHGE\PHOWLQJSRZGHUWKURXJKWKHODVHUEHDP
VOLQHZLVHPRYHPHQW
7KHPHWDOOXUJLFDOERQGLQJZLWKLQDVLQJOHOD\HULVFUHDWHGE\DQRYHUODSRIWKHZLGWKRIPHOWHGWUDFNVWKHFRQQHFWLRQ
EHWZHHQGLIIHUHQW OD\HUVUHVXOWVIURPWKHZHOGGHSWKH[FHHGLQJWKH OD\HUKHLJKW7KLVUHODWLRQVKLSPDNHV WKHZHOG
WUDFNZLWKLWVPDLQSDUDPHWHUVGHSWKDQGZLGWKWKHEDVLFHOHPHQWRIODVHUEHDPPHOWHGSDUWV
6LQFH WKH SRZGHU DIIHFWV PXOWLSOH DVSHFWV RI WKH SURFHVV ZHOGV SURGXFHG XQGHU SURFHVV FRQGLWLRQV ZLWKRXW
SRZGHU ZHUH DQDO\]HG DV D ILUVW VWHS $OWKRXJK WKH PDJQHVLXP SODWH
V DEVRUSWLRQ ZDV LQFUHDVHG E\ WKH DOUHDG\
GHVFULEHG URXJKHQLQJ LW KDV WR EH NHSW LQPLQG WKDW WKH DEVRUSWLRQ RI IODW VXUIDFHV LV ORZHU FRPSDUHG WR WKDW RI
VXUIDFHVZLWKDSUHSODFHGSRZGHUOD\HU%ROH\HWDO7KHUHVXOWLQJPHOWWUDFNVZHUHDQDO\]HGUHJDUGLQJWKHLU
KRPRJHQHLW\DQGWKHLUPHOWSRROGHSWKDQGZLGWKWKURXJKVXUIDFHWRSRORJ\DQGFURVVVHFWLRQVSHUSHQGLFXODUWRWKH
VFDQQLQJGLUHFWLRQ7KH/DVHUSRZHUZDVYDULHGEHWZHHQ:DQG:LQVL[VWHSVWRFRYHUDEURDGSURFHVVUDQJH
7KH /DVHU VFDQQLQJ VSHHG ZDV H[DPLQHG LQ VWHSV EHWZHHQ PPV DQG PPV UHVXOWLQJ LQ OLQH HQHUJ\
GHQVLWLHVEHWZHHQ-PPDQG-PP
$WDODVHUSRZHURI:IRUPLQJFRQWLQXRXVWUDFNVLQGHSHQGHQWO\RIODVHUVFDQQLQJVSHHGSURYHGLPSRVVLEOH
)RU D ODVHUSRZHURI: WUDFNV H[SRVHGZLWKYHORFLWLHV DERYHPPVZHUHSDUWO\ LQWHUUXSWHG)RUKLJK OLQH
HQHUJ\GHQVLW\YDOXHVPL :DQG:vL PPV WKHPHOW WUDFNEHFRPHV LUUHJXODUO\VKDSHG)RURWKHU
SDUDPHWHUVHWVDUHODWLYHO\HYHQPHOWWUDFNZDVDFKLHYDEOH)LJ)LJVKRZVZHOGWUDFNYDULDWLRQV$VH[SHFWHG
DQH[DPLQDWLRQRIFURVVVHFWLRQVVKRZVWKDWIRUDOOVDPSOHVZHOGLQJSHQHWUDWLRQGHSWKDQGWUDFNZLGWKLQFUHDVHZLWK
ODVHUSRZHUDQGGHFUHDVHZLWKODVHUVFDQQLQJVSHHG)LJ7KHDVSHFWUDWLRANRIWUDFNGHSWKsWRWUDFNZLGWKb
VKRZV WKHVDPHDOLJQPHQWVLQFH WKHZHOGLQJSHQHWUDWLRQGHSWK LVPRUHGHSHQGHQWRQ WKHSURFHVVSDUDPHWHUV WKDQ
WKHWUDFNZLGWKLV'LIIHUHQWWKUHVKROGVDUHLQXVHWRGHWHUPLQHZHOGLQJPRGH,QWKLVZRUNZHOGVZLWKDVSHFWYDOXHV
JUHDWHUWKDQ+JHOHWDOSDUHFRQVLGHUHGDVNH\KROHPRGHDQGDVSHFWYDOXHVEHWZHHQ.LQJHWDO
DQGDVWUDQVLWLRQUDQJH)RUDVSHFWYDOXHVORZHUWKDQWKHUPDOFRQGXFWLRQPRGHPHOWLQJLVDVVXPHG
(YDOXDWLRQRI WKHGDWD VKRZV WKDWDOO WUDFNVDW:DQG:DVZHOODV WUDFNVDW:ZLWKKLJKHU VFDQQLQJ
VSHHGV WKDQ PPV H[KLELW DVSHFW YDOXHV VPDOOHU WKDQ  ZKLFK PHDQV WKDW WKH\ ZHUH PHOWHG LQ WKHUPDO
FRQGXFWLRQPRGH7UDFNVIRUPHGDW:DQG:ZHUHEXLOWHLWKHULQNH\KROHPRGHRULQWKHWUDQVLWLRQUDQJH
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)LJ:LGWKDQGGHSWKRIVLQJOHPDJQHVLXPWUDFNVRQDQ$=SODWH


PL: YLPPV EL-PP


PL: vLPPV EL-PP

PL: vLPPV EL-PP


PL: Y/PPV EL-PP
)LJ0HOWWUDFNPRUSKRORJLHV
)LJ(YROXWLRQRIZHOGWUDFNVDWY/ PPVDQGGLIIHUHQWODVHUSRZHUV3/
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3.2. Melting of single tracks on powder layer 
,QFUHDVLQJWKHFRPSOH[LW\RIWKHVHWXSDQGWKHFRPSDUDELOLW\WRWKHDGGLWLYHSURFHVVWKHH[SHULPHQWZDVUHSHDWHG
PHOWLQJ WHQ OD\HUV RI $= SRZGHU WR WKH $= EDVH SODWH 'HVSLWH VRPH HIIRUW D FHUWDLQ LQKRPRJHQHLW\ LQ
WKLFNQHVVRIWKHSRZGHUOD\HUFRXOGQRWEHDYRLGHGZKLFKOLPLWHGWKHFRPSDUDELOLW\RIWKHWUDFN
VKHLJKW
$VVWDWHGLQSULRUSXEOLFDWLRQVE\1JHWDODQGRWKHUVDQH[WHQGHG]RQHRIVLQWHUHGSDUWLFOHVFDQEHREVHUYHGRQ
ERWKVLGHVRIWKHPHOWHGWUDFNHYHQDWVPDOOOLQHHQHUJLHV)LJVKRZVWKHWRSYLHZRIDVLQJOHODVHUWUDFNWDNHQZLWK
D VFDQQLQJ HOHFWURQPLFURVFRSH$V LQ WKH WHVW VHWXSZLWKRXWSRZGHU WKHZHOGLQJSHQHWUDWLRQGHSWK DQG WKH WUDFN
ZLGWKLQFUHDVHZLWKOLQHHQHUJ\GHQVLW\:LWKWKHVDPHSDUDPHWHUVHWWKHWUDFNZLGWKDQGGHSWKDUHJUHDWHUWKDQLQ
WKH VHWXS ODFNLQJSRZGHUGXH WR WKHKLJKHU DEVRUSWLRQ6LQFHDEVRUSWLRQ LQNH\KROHPHOWLQJ LVKLJKHU WKDQ WKDW LQ
FRQGXFWLRQPHOWLQJWKHSDUDPHWHUFRPELQDWLRQVDVVRFLDWHGZLWKFRQGXFWLRQPRGHPHOWLQJDUHHVSHFLDOO\DIIHFWHGE\
WKHLQFUHDVHGDEVRUSWLRQWKURXJKWKHSRZGHUOD\HU)LJ
:LWKLQWKHH[DPLQHGUDQJHQRSDUDPHWHUVHWFRXOGEHGLVWLQJXLVKHGXQGHUZKLFKDWUDFNPHOWVZLWKRXWSDUWLFOHV
EHLQJ VLQWHUHG ([WHQVLRQ RI WKH VLQWHUHG UHJLRQV JHQHUDOO\ LV JUHDWHU IRU ORZ VFDQQLQJ VSHHGV &RPSDUHG WR WKH
PHOWHG WUDFN WKHSURSRUWLRQRI WKH VLQWHUHG WUDFNV LQFUHDVHVZLWK ORZHU ODVHU SRZHUV DQG VFDQQLQJ VSHHGV)LJ 
VKRZV WKH YDULDWLRQ RI WKH PHOW WUDFN DQG WKH VLQWHUHG SDUWLFOHV DW D ODVHU SRZHUPL   : DQG GLIIHUHQW ODVHU
VFDQQLQJVSHHGVvLEHWZHHQPPVDQGPPV
3DUWLFOHV VLQWHULQJ LV DOVR EHLQJ REHUVHUYHG DW WKH JHQHUDWLRQ RI VROLGV *LHVHNH HW DO  ZKHUH LW DIIHFWV
VXUIDFHTXDOLW\DQGGLPHQVLRQDODFFXUDF\,WLVWKHUHIRUHRIVSHFLDOLQWHUHVWWRXQGHUVWDQGWKHLQGXFLQJPHFKDQLVPV
7KHVLQWHULQJRISRZGHU LQVHYHUDO OD\HUVDVFDQEHVHHQ LQ)LJDQG)LJPDNHVKHDW WUDQVIHUE\FRQGXFWLRQ
XQOLNHO\EHFDXVHRI WKH ORZFRQGXFWLYLW\RI WKH ORRVH VLQWHUHGSRZGHU6LQWHULQJEHFDXVHRIPHOW VSODVKHV LVDOVR
LPSUREDEOHIRUWKHFRPSOH[XQGHUFXWVDWWKHVLQWHUHGPDWHULDO2QHSRVVLEOHH[SODQDWLRQIRUWKLVLVWKDWWKHHIIHFWLV
UHODWHGWRWKHHYDSRUDWLRQVHVFDSLQJWKHSURFHVV]RQH$VWKHHYDSRUDWLRQVSDVVWKHSDUWLFOHVRIWKHSRZGHUEHGKHDW
WUDQVIHU WDNHV SODFH VLQWHULQJ WKH SRZGHU (OHPHQW GLVWULEXWLRQV WKDW FDQ EH IRXQG XQGHU VRPH SDUDPHWHU
FRPELQDWLRQV VXSSRUW WKLV WKHRU\ )LJXUH  VKRZV RQH FOHDU H[DPSOH 7KH HOHPHQW GLVWULEXWLRQ RI WKH XQDIIHFWHG
$=EDVHSODWH>@OLHVZLWKLQWKHH[SHFWHGUDQJH7KHREVHUYHGDOXPLQXPFRQWHQWLVQRWDEO\JUHDWHULQUHPHOWHG
PDWHULDO >@ WKDQ LW LV LQ WKH EDVH SODWH  RU LQ WKH SRZGHUPDWHULDO  7KLV LV FDXVHG E\ GLVSURSRUWLRQDWH
PDJQHVLXPHYDSRUDWLRQ(YHQDJUHDWHUDOXPLQXPFRQWHQWFDQEHREVHUYHGRQWKHLQQHUVLGHRIWKHVLQWHUHGWUDFN>@
6LQFH LW KDV WKH KLJKHVW HYDSRUDWLRQ WHPSHUDWXUH RI DOO DOOR\LQJ HOHPHQWV LW LV WKH ILUVW WR FRQGHQVH RQ WKH
VXUURXQGLQJ SRZGHU 7KH HYDSRUDWHG PDJQHVLXP FRQGHQVHV LQ WKH IROORZLQJ ]RQH >@ OHDGLQJ WR D ORZHU
DOXPLQXPFRQWHQW WKDQ WKDW LQ WKH UDZSRZGHU$W WKH WUDFN
V RXWHU OLPLWV > @ WKH FRPSRVLWLRQ DSSURDFKHV WKH
LQLWLDOYDOXH7KHREVHUYDWLRQVFRXOGQRWEHHQPDGHDVXQDPELJXRXVO\RQDOOVDPSOHVEXWWKHUHDVRQIRUWKHVLQWHUHG
WUDFNVVHHPVWRDSSO\JHQHUDOO\EHFDXVHWKHHYDSRUDWLRQVLQWKHSURFHVVFDQEHREVHUYHGXQGHUPRVWSDUDPHWHUVHWV
DQGWKHVLQWHUHGWUDFNSDWWHUQVDUHFRPSDUDEOH
)LJ6(0LPDJHRIDVLQJOHWUDFNPL:vLPPV )LJ,QFUHDVHRIWKHWUDFNJHRPHWU\UHIHUUHGWRWUDFNVZLWKRXWSRZGHU

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)LJ&URVVVHFWLRQVRI$=WUDFNVDWPL :DQGGLIIHUHQWVFDQQLQJVSHHGV



>ZW@ 0J $O =Q
   
   
   
   
   
   
   
   

)LJ(OHPHQWPDSSLQJRIDOXPLQXPDQGHOHPHQWFRPSRVLWLRQE\HQHUJ\GLVSHUVLYHVSHFWURVFRS\DWGLIIHUHQWVSRWV
3.3. Melting of multiple track structures  
,QRUGHUWRGHWHUPLQHWKHLQIOXHQFHRIWKHKDWFKGLVWDQFHODVHUWUDFNVZLWKLQFUHPHQWDOO\GHFUHDVLQJGLVWDQFHZHUH
EXLOWDWPL :DQGGLIIHUHQWVFDQQLQJVSHHGV6WDUWLQJZLWKPWKHKDWFKGLVWDQFHZDVGHFUHDVHGWRP
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DWD UDWHRIPPPZKLFK UHVXOWHG LQDPPORQJSDUW8QOLNHZLWKFRQYHQWLRQDOSDUWV WKH WUDFNVZHUHQRW
H[SRVHGPHDQGHUOLNHEXWZHUHHTXDOO\DOLJQHGWRKDYHDSSUR[LPDWHO\WKHVDPHWLPHLQWHUYDODORQJWKHZKROHWUDFN
6LQJOHWUDFNVFDQEHFOHDUO\GLVWLQJXLVKHGDWWKHLQLWLDOPKDWFKVHSDUDWLRQ3DUWVRIWKHWUDFNVDUHGHWHFWDEOH
ZLWKLQWKHVWUXFWXUHLQGHSHQGHQWO\RIWKHVFDQQLQJVSHHGGRZQWRDQPKDWFKVHSDUDWLRQ7KHUHIRUHLWFRXOGEH
FRQFOXGHG WKDW WKLV OLPLW LV QRW GHSHQGHQW RQ HQHUJ\ LQSXW EXW UDWKHU RQ WKH ODVHU EHDP
V JHRPHWULFDO HQHUJ\
GLVWULEXWLRQ)RU ORZHUKDWFKVSDFHV IROORZVD]RQHRI LUUHJXODU VLQWHULQJDQGD UHODWLYHO\ VPRRWK UHJLRQZLWK ORZ
GHSRVLWLRQKLJKHYDSRUDWLRQ%RWKDUHDVFDQEHTXLWH VPDOO DQG IRUPXODWLQJD FRPSUHKHQVLYH UXOH WRGHVFULEH WKH
WUDQVLWLRQV SURYHG LPSRVVLEOH )LJ  VKRZV WKH VWUXFWXUH
V HYROXWLRQ DV D IXQFWLRQ RI KDWFK VHSDUDWLRQ DW ODVHU
VFDQQLQJVSHHGVRIPPVDQGPPV7KHIRXU]RQHVGHVFULELQJWKHVDPSOH
VVXUIDFHVWUXFWXUHDVDIXQFWLRQ
RI HQHUJ\ LQSXW FODVVLILHG E\:HL HW DO FRXOG QRW EH REVHUYHG $ GHVLUHG GLUHFW GHULYDWLRQ RI VXLWDEOH SURFHVV
SDUDPHWHUV IRU JHQHUDWLQJ GHQVH SDUWV ZDV QRW \HW SRVVLEOH EXW IXUWKHU LQYHVWLJDWLRQV DLPLQJ DW WKDW ZLOO EH
XQGHUWDNHQ

)LJ6WUXFWXUHVZLWKYDU\LQJKDWFKGLVWDQFH
([DPLQDWLRQVRQVROLGV
$SDUDPHWHUVHWZLWKORZGHIHFWSHUFHQWDJHPL :vL  PPVhL Plz PZDVVHOHFWHGDV
VWDUWLQJ SRLQW IRU IXUWKHU LQYHVWLJDWLRQV LQWR EXLOGLQJ FXEHV XVLQJ YDU\LQJ VFDQQLQJ VSHHGV DQG ODVHU SRZHUV 7KH
UHVXOWLQJYROXPHHQHUJ\EvRI-PPñLVLQDFFRUGDQFHWR:HLHWDOZKHUHGHWDLOHGLQYHVWLJDWLRQVLQWRWKH
LQIOXHQFHRIHQHUJ\LQSXWRQVROLGVDUHSXEOLVKHG
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4.1. Influences of the layer thickness 
/D\HUWKLFNQHVVJDLQVLQLPSRUWDQFHZKHQVKLIWLQJIURPVLQJOHOD\HUSDUWVWRPXOWLSOHOD\HUSDUWV,QFRQWUDVWWR
RWKHUYROXPHHQHUJ\GHQVLW\SDUDPHWHUV(TQRLQYHVWLJDWLRQVLQWRWKLVSDUDPHWHUKDYH\HWEHHQSXEOLVKHGWRWKH
DXWKRUV
NQRZOHGJH7RGHWHUPLQHWKHLQIOXHQFHRIWKHOD\HUWKLFNQHVVFXEHVZHUHEXLOWZLWKVOLFHVYDU\LQJEHWZHHQ
PDQGP7KHSDUWVZHUHUDQGRPO\SODFHGRQRQHEXLOGSODWHVRWKDWZKHUHDVUHFRDWLQJWRRNSODFHIRUDOO
VDPSOHV H[SRVXUHZDV GRQH VHOHFWLYHO\ 7KLVZD\ WKH LQIOXHQFH RI HQHUJ\ LQSXW FDQ EH LQYHVWLJDWHGPLQLPL]LQJ
VHFRQGDU\LQIOXHQFHV
$OOOD\HUWKLFNQHVVHVOHDGWRUXJJHGSDUWVEXWDYLVXDOLQVSHFWLRQ)LJUHYHDOVWKDWDOD\HUWKLFNQHVVEHWZHHQ
DQGPOHDGVWRWKHVPRRWKHVWVXUIDFHVRz ±P2SWLFDOPHDVXUHPHQWUHVXOWVLQSDUWLQGLFDWHGLQ
WKHILJXUHVKRZWKDWWKHHIIHFWLVTXLWHSURQRXQFHGIRUWKH;<VXUIDFHEXWFXEHVXUIDFHVIDFLQJWRZDUGWKHFRDWLQJ
GLUHFWLRQDUHDOVRLQIOXHQFHG


)LJ6XUIDFHTXDOLW\DWGLIIHUHQWOD\HUWKLFNQHVVHV
)RUWKHSDUDPHWHUVHWXVHGDYDULDWLRQRIWKHOD\HUWKLFNQHVVEHWZHHQPDQGPGRHVQRWVHHPWRKDYH
VLJQLILFDQWLQIOXHQFHRQWKHGHIHFWSHUFHQWDJHYDOXHRUKDUGQHVV$OD\HUWKLFNQHVVRIPVHHPVWREHDFOHDUOLPLW
ZKHUHWKHGHIHFWSHUFHQWDJHYDOXHLQFUHDVHVVKDUSO\DQGKDUGQHVVGHFOLQHV7KHPHDVXUHGYDOXHVDUHGHSLFWHGLQ)LJ
D7KHUHVXOWLQJUDQJHFRPSOLHVZLWKWKHUDQJHZKHUHRWKHUPDWHULDOVDUHSURFHVVHG&RPSDULQJWKHYDOXHWRWKH
ZHOGGHSWKRIWKHVLQJOHWUDFNVZLWKSRZGHUOD\HUs PLWLVSUREDEOHWKDWWKHOLPLWDWLRQLQOD\HUKHLJKWLV
OHVVUHODWHGWRWKHDPRXQWRIHQHUJ\LQSXWDQGPRUHWRWKHSRZGHUIUDFWLRQDQGHQHUJ\GLVWULEXWLRQ6LQFHWKHHQHUJ\
GHQVLW\EV FRXOG EH YDULHG LQ D UHODWLYHO\ EURDG UDQJH EHWZHHQ -PPñ DQG -PPñZLWKRXW DIIHFWLQJ SDUW
TXDOLW\ WKHSURFHVVVHHPVOHVVVHQVLWLYHWRDYDULDWLRQRI WKHHQHUJ\LQSXWYLD OD\HUKHLJKW WKDQWR WKHYDULDWLRQRI
RWKHUSURFHVVSDUDPHWHUV
4.2. Influences of the oxygen-content 
%HFDXVH RI WKH PDJQHVLXP
V KLJK R[\JHQ DIILQLW\ WKH LQIOXHQFH RI WKH SURFHVV DWPRVSKHUH RQ WKH VDPSOH LV
VXEMHFWWRFRQWURYHUVLDOGLVFXVVLRQ7RGHWHUPLQHWKHLQIOXHQFHVDPSOHVZHUHEXLOWXQGHUWKHVWDQGDUGSDUDPHWHUVHW
LQ D SURFHVV DWPRVSKHUH KDYLQJ EHWZHHQ  DQG  UHVLGXDO R[\JHQ FRQWHQW 7KH GHIHFW SHUFHQWDJH ZDV
HYDOXDWHGDQGWKHVDPSOH
VKDUGQHVVWHVWHGDIWHUJULQGLQJDQGSROLVKLQJ7KHPHDVXUHGYDOXHV)LJEVKRZVPDOO
YDULDWLRQVWKDWDUHZLWKLQWKHH[SHULPHQWDOVHWXS
VOLPLWVRIDFFXUDF\,WFDQWKHUHIRUHEHFRQFOXGHGWKDWWKHUHLVQR
LQIOXHQFH RQ VDPSOH KDUGQHVV DQG GHQVLW\ ZLWKLQ WKH H[DPLQHG UDQJH 7KH LPSDFW RQPLFURVWUXFWXUH DPRXQW RI
R[\JHQ HQFORVHG ZLWKLQ WKH VROLG DQG PHFKDQLFDO SURSHUWLHV VKRXOG EH FRYHUHG LQ IXWXUH LQYHVWLJDWLRQV 7KH
LQIOXHQFH RI D VLJQLILFDQWO\ ORZHU R[\JHQ FRQWHQW PD\ DOVR UHSUHVHQW D SURPLVLQJ ILHOG RI VWXG\ EXW D GLIIHUHQW
 Dominik Schmid et al. /  Physics Procedia  83 ( 2016 )  927 – 936 935

H[SHULPHQWDOVHWXSZLOOEHQHHGHGVLQFHWKHRIUHVLGXDOR[\JHQFRQWHQWDFKLHYHGLVDUHVWULFWLRQRIWKH/%0
V\VWHPXVHG

)LJ'HIHFWSHUFHQWDJHDQGKDUGQHVVYDOXHVZLWKDLQIOXHQFHRIWKHOD\HUWKLFNQHVVELQIOXHQFHRIWKHUHVLGXDOR[\JHQFRQWHQWLQ
SURFHVVDWPRVSKHUH
&RQFOXVLRQ
7KHODVHUEHDPPHOWLQJRI$=PDJQHVLXPDOOR\VZDVH[DPLQHG6LQJOHWUDFNVZLWKDQGZLWKRXWSRZGHUZHUHILUVW
EXLOWWRPHDVXUHSURFHVVLQIOXHQFHVZLWKDPLQLPXPRIGLVWXUEDQFH7KHLQIOXHQFHVRIWKHKDWFKGLVWDQFHRQVLQJOH
OD\HUVZHUHH[DPLQHGE\JHQHUDWLQJVWUXFWXUHVZLWKLQFUHPHQWDOO\LQFUHDVLQJGLVWDQFHEHWZHHQWKHODVHUWUDFNV7KH
HIIHFWV RI OD\HU KHLJKW DQG UHVLGXDO R[\JHQ FRQWHQW ZHUH H[DPLQHG FRPSOHPHQWLQJ SUHYLRXV VWXGLHV RI SURFHVV
LQIOXHQFHVRQVROLGV7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQ
 .H\KROHPHOWLQJRFFXUVZKHQSURFHVVLQJPDJQHVLXPXQGHUFRPPRQ/%0SDUDPHWHUV
 6LQWHULQJLVPRUHSURQRXQFHGIRUVPDOOHUVFDQQLQJVSHHGVDQGLVSUREDEO\OLQNHGWRWKH
HYDSRUDWLRQVWKDWRFFXU
 9DU\LQJHQHUJ\LQSXWE\DGMXVWLQJWKHOD\HUWKLFNQHVVKDVDORZHUHIIHFWWKDQYDU\LQJWKHKDWFK
GLVWDQFHVFDQQLQJVSHHGRUODVHUSRZHU
 1RLQIOXHQFHRQWKHSDUWGHIHFWSHUFHQWDJHRUWKHKDUGQHVVFRXOGEHPHDVXUHGZKHQYDU\LQJWKH
UHVLGXDOR[\JHQFRQWHQWEHWZHHQDQG
 7KHVWUXFWXUHSUHVHQWHGE\YDU\LQJWKHKDWFKGLVWDQFHVFDQEHXVHGWRGHWHUPLQHLQIOXHQFHVRQ
VXUIDFHPRUSKRORJ\$SRVVLEOHGLUHFWGHYLDWLRQRISURFHVVSDUDPHWHUVIRUJHQHUDWLQJVROLGV
VHHPVSURPLVLQJDQGZLOOEHIXUWKHULQYHVWLJDWHG

$FNQRZOHGJHPHQWV
7KH )HGHUDO0LQLVWU\ IRU (FRQRPLF $IIDLUV DQG (QHUJ\ IXQGHG WKH SURMHFW EDVHG RQ D GHFLVLRQPDGH E\ WKH
*HUPDQ%XQGHVWDJ


 
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